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Methodology
1. Concrete beams (6-by-6-by-24-inches) with 1.5 in. concrete cover (two
#4 rebars, single layered) were tested using MTS load cell to obtain
load-time response.
2. Localized heat (54kW/m²) was subjected for 30 minutes (Figure 1)
3. Through thickness, temperatures were recorded using thermocouples
(Figure 1)
4. Digital image correlation (DIC) system was used to analyze
displacements, strain, and crack propagations (Figure 2)
Results
Conclusion
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Figure 1. Heat exposure setup
Figure 2. Three-point bending test setup and 
DIC system
GFRP rebar
Hughes Brothers, Inc.
BFRP rebar
Smarter Buildings Systems. LLC.
• Fewer number of flexural cracks were propagated 
along BFRP beams than GFRP beams
• Post-heat exposure (54kW/m²), strength 
capacities were not decreased. The 1.5 in. (38.1 
mm) concrete cover is adequate to protect FRP 
rebars for 30 minutes
• Localized heat exposure time interval is 
recommended as 30 minutes
• Reduction factors are recommended as 0.79 and 
0.78 for pristine BFRP and GFRP rebars; 0.86 
and 0.84 for exposed BFRP and GFRP rebars
Future Work
• Electricity Heater 
(4.5kW, 54kW/m²)
• Thermometer and 
thermocouples
• Thermal Insolation 
(Ceramic fibers, 
Aluminum facing)
• Use 30 minutes as time incremental to 
test the specimen in a longer time interval
• Use higher strength concrete
• Use embedded thermocouples to 
measure the temperature of FRP rebars
Rationale Materials
5.6 ksi Concrete mix proportions (By weight ratio)
• Water: 1
• Cement: 2.6 (Type III) 
• CA (pea pebbles): 5.2 (nominal maximum size: ¾’’) 
• FA: 6.5 (fine modulus: 3)
• I would like to thank the following individuals for supporting the 
research: Billy Kelly, Ce Shi, Hongyu Wu, Jie Ji, Yuhong Wang.
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• Pristine BFRP (B-0-1,2): 
• average strain range -0.03%, 0.03%
• vertical maximum displacement 0.073in
• Exposed BFRP (B-30-1,2): 
• average strain range -0.06%, 0.07%
• vertical maximum displacement 0.077in
• Temperature-time response
• Bottom (Exposed face): average 300℉ increase
• Top (Unexposd face): average 11℉ increase
• Pristine GFRP (G-0-1,2):
• average strain range 0%, 0.32%
• vertical maximum displacement 0.10in
• Exposed GFRP (G-30-1,2): 
• average strain range 0%, 0.22%
• vertical maximum displacement 0.091in
• Temperature across thickness profile
• Temperature below 𝑇𝑔 is safe zone
• Load-vertical displacement response
• Left (Basalt FRP beams). Right (Glass FRP beams)
• * tested in 5 times faster load-rate than others
• No reduction of strength after heat exposure
• Fiber-reinforced polymers (FRP) are
sensitive to excessive heat damage.
ACI 440.6-08 standard specified glass
transition temperature (𝑇g) above
212℉ (100℃)
• ACI 440.5-08 specified a cover of 2 in.
and 2.5 in. for beams
• Test the adequacy of 1.5 in. concrete
cover to protect the FRP rebars from
excessive heat
• Study the effect of localized elevated
temperature onto FRP rebars (basalt
and glass) in a short time interval for
30 minutes
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